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Proton-Proton Caollisions: &

Elastic Scattering Single Diffraction Double Diffraction

|

Oiot = OgL T OgpTOpp O\ p

Inelastic Non-Diffractive Component _Hard Core

The “hard core” component
contains both “hard” and
“soft” collisions.

/ \ “Hard” Hard Core (hard scattefing) ...

“Soft” Hard Core (no hard scattering) PT(hard)
Proton Proton Proton

Underlying Eyent __ ———4/a Qe _ Underlying Event
......... » Initial-State
- Radiation

% Final-Stat

% Radiatio

Outgoing Parton 3
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RDF Preliminary T 'ﬁ
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Linear scale!

Oiot — OF

Log scale!L‘

L T OgptOpp+0\p

=®» The inelastic non-diffractive cross section versusenter-of-mass energy from PYTHIA (x1.2).

®» 0, varies slowly. Only a 13% i
Linear on a log scale!
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)CD Viente-Carloe VModels:

H]ch Transverse Momentum: Jet

Hard Scattering

Outgoing Parton

Initial-State Radlatlon PT(hard)

A\
,
e,
-,
e,
*
.,
D
».

“Hard Scattering” Component
—_—

Proton

: Final-State Radiation
v

Proton

Outgoing Parton
Underlying Event

Proton Proton

s Jetil-State Radiation
Outgoing Parton v

Underlying Event Underlying Event

“Underlying Event”

and add initial and final-
approximation).

=» Start with the perturbative 2-to-2 (or sometimes 2-6-3) parton-parton scatt
state gluon radiation (in the leading log approxim#on or modified leadi

=» The “underlying event” consists of the “beam-beam rennants” an
semi-soft multiple parton interactions (MPI).

rticles arising from soft or

» Of course the outgoing colored partg The “underlying event’is an unavoidable )y, «;nderlying event’

observables receive contributions frg background to most collider observables
and having good understand of it leads to

more precise collider measurements!
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€85 MPI, Pile-Up, and Overlap

Pl: I\/IuItipIe Parton Interactions

Outgoing Parton

=» MPI: Additional 2-to-2 parton-parton
scatterings within a single hadron-hadron
5 collision.

Underlying Event

Final-State
Radiation

Outgoing Parton

Proton Proton

Pile-Up

=» Pile-Up: More than one hadron-hadron collision in tre bea
crossing.

Overlap = Overlap: An experimental timing issue where a hadra-hadron
_ collision from the next beam crossing gets includeith the hadron-
hadron collision from the current beam crossing becase the next
crossing happened before the event could be readtou
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CDE Run 1: Evolution of Chargead Jets

= Iy 1
“Unaerlyingl Event:
Charged Jet#1 Charged Particle Ag Correlations Logkl atdthe s:theyrgtehd
. . parucie aensity In tnhe
Direction I:)T > 0.5 GeV/c |h| <1 X “transverse” region!
1]
/

“Transverse” region
very sensitive to the CDF Run 1 Analysis Away Region

“underlying event”! “Toward-Side” Jet

Charged Jet #1 |
Diregtion -/

Leading
¢ Jet

A
p.
( “Toward”
\ \

“Transversgg ransverse”
Toward Region

“Transverse” “Transverse”

Transverse
Region

Away Region

‘Away-Side” Jet

® ook at charged particle correlations in the azimuhal angleAg@relative to the leading charged

particle jet.
®» Define|Aqg < 60 as “Toward”, 60° < |A@ < 120 as “Transverse”, and |Ag| > 126 as “Away”.

® All three regions have the same size ip-@space AnxA@= 2x126 = 4173.
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MPI constant
probability

r PYTHIA default parameters ]

scattering

"Transverse" Charged Particle Density: dN/dnd@

Parameter | 6.115| 6.125| 6.158| 6.206 CDF Data Pythia 6.206 (default)

) data uncorrected MSTP(82)=1
MSTP(81) 1 1 1 1 / & 75 | theovcorrected ____ PARP(B1)=19GeVic ______ % ,,,,,,, %

ot Tebsastal ]
MSTP(82) | 1 1 1 5 ol iimﬁ ﬂ{ Faiozad %mﬁﬁ;% ﬁ%
PARP(81) | 1.4 1.9 1.9 1.9 g . { ________
PARP(82) | 1.55| 2.1 | 21 | 19 |§°*] T

= 1.8 TeV [n|<1.0 PT>0.5 GeV
PARP(89) 1,000| 1,000f 0.0 | | | | | | | | |

0 5 1 15 20 25 30 35 40 45 50

PARP(30) e | DL / PT(charged jet#1) (GeV/c)
PARP(67) | 4.0 4.0 1.0 1.0 [— —creQaL [/ | cTEQaL CTEQSL ® CDFMin-Bias O CDF JET20
= Plot shows thg‘Transverse” charged particle density versus R(chgjet#1)compared to the

QCD hard sgattering predictions ofPYTHIA 6/206 | (Py(hard) > 0) using thedefault
parameterg foy multiple parton interactions ghd CTEQ3L, CTEQA4L, and CTEQ5L.

Note Change

PARP(67) = 4.0 (< 6.138)
PARP(67) = 1.0 (> 6.138)

Chris Quigg Symposiun Fermilab

December 14, 2009

Default parameters give
very poor description of
the “underlying event”!
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Tuning PYTIHIA:

Multiple Parteninteraction; Parameters

Parameter | Default Description

PARP(83) 0.5 Double-Gaussian: Fraction of total hadronic ‘
matter within PARP(84) r Hard core
PARP(84) 0.2 Double-Gaussian: Fraction of the overall hadroA

radius containing the fraction PARP(83) of the

Multiple Parton Interaction _

total hadronic matter .
PARP(85) 033 P Determines the energy e I - m@r String
' dependence of the MPI! . ColorsrringM
W, P “nearest nelghbors/' "
PARP(86) 0.66 Pro t  Affects the amount of [luons Multiple Part Determine by comparing

with 630 GeV data!

ej de|l initial-state radiation! aclosed___»

loop. sists of

ark-antiquﬁr’/ / et o /
AéTol
/

PARP(89) 1T/9'/ Determip;/ //eference energy £ Hard-Scatering Cy

5 /

PARP(82) 9 The PTO that regulates the 2-t0-2\ PYTHIA 6.206
evic | s ing divergence 1/PT—1/(PT?+P;,2)?2 NN\ e
Take E;= 1.8 TeV

7

PARP(90 0.16 /oétermines the energy dependence of the cut-off § JoNe Y T T 7~ ]
Pro as follows Ry(Eq) = Pro(Ec/Eo)® with  “SNle
£ = PARP(90) >
PARP(67)/ 1.0 A scale factor that determines the maximum
parton virtuality for space-like showers. The 100 Aoo 10,000 100,000
CM Energy W (GeV)

larger the value of PARP(67) the more initial-
state radiation.

Reference point
at1.8 TeV
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CDF Default!
PYTHIA 6.206 CTEQSL ransverse" Charged Particle Density: dN/dndo
200
Parameter | Tune B e A CDF Preliminary i PYTHIA 6.206 (Set A)
g data uncorrected PARP(67)=4 Run 1 AnalySiS
MSTP(81) 1 8 0.75 +- theory corrected - L b
MSTP(82) 4 / >
S 050 +-----
PARP(82) [ 1.9 GeV 0 Ge o
PARP(83) 0.5 0 % 025 |
g8 PYTHI 06 (Set B)
PARP(84) 0.4 0.4 e CTEQSL 4 %67) 1 1.8 TeV |n|<1.0 PT>0.5 GeV
| | / / | | | | |

PARP(85) 1.0 0.9 0.00 - ‘ | | | |
40 45 50
PARP(86) 1.0 0 //Achargedjet#l) (GeV/c)

PARP(89) | 1.8 TeV 3 Te

lot shows thé'transverse” charged particle density

PARP(90 0.25 0 .

(50) versus B (chgjet#l)compared to the QCD hard
PARP(67) 1.0 e scattefing predictions of twotuned versions ofPYTHIA

6.206 (CTEQ5L, Set B(PARP(67)=1) andSet A
=4)).
Old PYTHIA default
New PYTHIA default (more initial-state radiation)
(less initial-state radiation)
Chris Quigg Symposiun Fermilab Rick Field — Florida/CDF/CMS Page 12
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“Associated” densities do

Highest p; .
charged particle! : : not include PTmax!
geap Charged Particle Density: dN/dnqu|7
NPTmax Direction 0.5 /
CDF Preliminary
2 04 datauncorrected . __________f__ Associated Deffsity | |
@ PTmax not included
S
[a]
R o 03

o
g
< 0.2
()
o
g

Correlations in ¢ o 01 .
Min-Bias PThax Charged Particles
t (In]<1.0, PT>0.5 GeV/c)
00 ] | } } |

0 30 60 90 120 150 180 210 240 270 300 330 360
A@ (degrees)

= Use themaximum p; charged particle in the event, PTmaxto define a direction and look
at the the “associated” density, ddhg/dnde, in “min-bias” collisions (p; > 0.5 GeV/c, ] <

1).

®» Shows the data on th@dependence of the “associated” charged particle deitg,
dNchg/dnde, for charged particles (g > 0.5 GeV/c, 1| < 1,not including PTmax) relative
to PTmax (rotated to 180) for “min-bias” events. Also shown is the average charged

particle density, dNchg/dnde, for “min-bias” events.

Chris Quigg Symposiun Fermilab Rick Field — Florida/CDF/CMS
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Highest p;

“Associated” densities do

not include PTmax!

charged particle!
NPTmax Direction 05
CDF Preliminary
204 data uncorrected
© 03
5
% o2 [ -
S
S
Correlations in ¢ G 01
0.0 /
a_\Li_m_l_Lm_n_ahs_za.a.d_nzu/

» Use themp= . AMM
at the the| It is more probable to find a particle
1). accompanying PTmax than it is to

®» Shows th¢ find a particle in the central region!

Charged Particle Density: dN/dnqu|7

/

Associated De/fsity
PTmax not included

Charged Particles
Inl<1.0, PT>0.5 GeV/c)
| | |

T T

120 150 180 210 240§ 270 300 330 360
A@ (degrees)

it, PTmaxto defineja direction and look
n-bias” collisions (> 0.5 GeV/c, | <

ociated” charged particle deig,

dNchg/dnde, for charged particles (g > 0.5 GeV/c, 1| < 1,not including PTmax) relative
to PTmax (rotated to 180) for “min-bias” events. Also shown is the average charged
particle density, dNchg/dnde, for “min-bias” events.

Chris Quigg Symposiun Fermilab

December 14, 2009
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Rapid rise in the particle
density in the “transverse”
I region as PTmax increases!

/ |
max > 2.0 GeV/c

]
Associated Particle Density: dN/dnqu

PTmax Direction 1.0

= PTmax > 2.0 GeV/c
o PTmax > 1.0 GeV/c
|| e PTmax > 0.5 GeV/c

“Toward” @™ T = -~~~ - - i *EH
HIEIHEE{EE}E}}EEEI fil
“Transverse” “Transverse” }:{}}I{Mm Egii W}}m

30 60 90 120 150 180 210 240 270 300 360
A@ (degrees)

Ave Min-Bias
0.25 per unitn-@

PTmax > 0.5 GeV/c

= Shows the data{’on thé@dependence of the “associated” charged particle deig,
dNchg/dnde, for charged particles (g > 0.5 GeV/c, ]| < 1,not including PTmax) relative
to PTmax (rotated to 180) for “min-bias” events with PTmax > 0.5, 1.0, and 2.0 GeV/c.

®» Shows‘jet structure” in “min-bias” collisions (i.e. the “birth” of the leading two jets!).

Chris Quigg Symposiun Fermilab Rick Field — Florida/CDF/CMS Page 15
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Min-B

\/f]flfg

Associated Charged Particle Density: dN/dnd¢ PTm

Direction

&

10.0 +
1 RDF Preliminary « " ;
> ] py Tune A generator level Toward Reglon
g - ! PTmax >2.0 GeVic :
A 1.0 = | PTmax > 5.0 GeV/c = PP TR REERE |
[3) 1 = a
S Transverse” 7: “Transverse” “Transverse”
I -, 7_ e T
o 0000000000008
°
N R e S Nl ram——=r
E’ 7
3 ]
) Min-Bias PTmax > 1.0 GeV/c PTmax > 0.5 GeV/c
1.96 Tev Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0.0 f f f f f f f f

0 30 60 90 120 150 180 210 240 270 300 330 360
A@ (degrees)

=®» Shows theA@dependence of the “associated” charged particle deitg, dNchg/dnde, for charged
particles (p; > 0.5 GeV/c, )| < 1,not including PTmax) relative to PTmax (rotated to 180) for
“min-bias” events at 1.96 TeVwith PTmax > 0.5, 1.0, 2.0, 5.0, and 10.0 GeV/c froRYTHIA
Tune A (generator level).

PTmax Direction

=®» Shows the “associated” charged particle density inhe “toward”, “away” and

“transverse” regions as a function of PTmax for chargd particles (p; > 0.5
GeV/c, | < 1,not including PTmax) for “min-bias” events at 1.96 TeVfrom
PYTHIA Tune A (generator level).

“Toward”

Chris Quigg Symposiun Fermilab Rick Field — Florida/CDF/CMS Page 16
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J\/lm -

— f ] e f (J
Associated Charged Particle Density: dN/dnd@ Associated Charged Particle Density: dN/dnd@
10.0 1 25 .
1 RDF Preliminary « " ‘ 1 RDF Preliminary Min-Bias
> 1 py Tune A generator level Toward Reglon > ’0 E, py Tune A generator level 14 TeV
g . | PTmax>2.0GeVic | 2 T "Toward"
A 1.0 = | PTmax > 5.0 GeV/c = ‘_’_,. ____________ 1 8 ]
3 : Transverse” @15+
R . ,_ maSupatatC ‘% ] "Transverse"
o 0000000000008 o q
< Sttt ASSffeere—————————
O 0L et —— N s —— e ]
o 3 o i
© ] E ]
< _— cQo5+--fff--—
) Min-Bias PTmax > 1.0 GeV/c ’_P‘Tmax > 0.5 GeVic O ] .
1.96 TEW Charged Particles (Jn|<1.0, PT>0.5 GeV/c) ] Charged Particles (n|<1.0, PT>0.5 GeVic)
0.0 | | | | | | | | | | | 0.0 ‘ | | ‘
0 30 60 90 120 150 180 210 240 270 300 330 360 0 5 10 15 20 25
A@ (degrees) PTmax (GeV/c)

=®» Shows theA@dependence of the “associated” charged particle deitg, dNchg/dnde, for charged
particles (p; > 0.5 GeV/c, )| < 1,not including PTmax) relative to PTmax (rotated to 180) for
“min-bias” events at 1.96 TeVwith PTmax > 0.5, 1.0, 2.0, 5.0, and 10.0 GeV/c froRYTHIA
Tune A (generator level).

=®» Shows the “associated” charged particle density inhe “toward”, “away” and
“transverse” regions as a function of PTmax for chargd particles (p; > 0.5
GeV/c, | < 1,not including PTmax) for “min-bias” events at 1.96 TeVfrom
PYTHIA Tune A (generator level).

“Toward”
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J\/lm -

— f ] c| f (J
Associated Charged Particle Density: dN/dnde "Transverse" Charged Particle Density: dN/dnde|
10.0 + 1.2

1 RDF Preliminary « ¥ . > | RDFPreliminary  Min-Bias 14 TeV —
> 1 py Tune A generator level Toward Reglon g 1.0 1L Py Tune A generator level
g i ! PTmax>20GeVic i 3 1
8 104 | PTmax > 5.0 GeV/c - :’-,- ------------ ! S 08 E 77777777777777777777777777777777777777
S ] Transverse” g
©  omoogg zaal ."-_ S0l - f o ________196Tev _____________
N = T 7_ R T oY r Ty e m m m m om o=
[a 0000000000008 4 f = m wm m m = =
T 0.1 e —— r————————— B 040
> 3 ° 0.4 o
© ] a i
e C
O Min-Bias PTmax > 1.0 GeV/c PTmax > 0.5 GeV/c B 0.2 F-f-— - m e m e m oo

'_ i .
1.96 TeV Charged Particles (I|<1.0, PT>0.5 GeV/c) ] Charged Particles (|n|<1.0, PT>0.5 GeV/c)
0.0 f f f f f f f f f f f 0.0 - J | |
0 30 60 90 120 150 180 210 240 270 300 330 360 0 5 10 15 20 25
A@ (degrees) PTmax (GeV/c)

=®» Shows theA@dependence of the “associated” charged particle deitg, dNchg/dnde, for charged
particles (p; > 0.5 GeV/c, )| < 1,not including PTmax) relative to PTmax (rotated to 180) for
“min-bias” events at 1.96 TeVwith PTmax > 0.5, 1.0, 2.0, 5.0, and 10.0 GeV/c froRYTHIA
Tune A (generator level).

=®» Shows the “associated” charged particle density inhe “toward”, “away” and
“transverse” regions as a function of PTmax for chargd particles (p; > 0.5

GeV/c, | < 1,not including PTmax) for “min-bias” events at 1.96 TeVfrom
PYTHIA Tune A (generator level).

“Toward”
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Charged Multiplicity Distribution

Probability

1.0E+00

1.0E-01

1.0E-02

1.0E-03

1.0E-04

1.0E-05

1.0E-06

Charged Multiplicity Distributio

n

CDF Run 2 Preliminary

= = pyAnoM

= CDF Run 2 <Nchg>=4.5
py64 Tune A <Nchg>=4.1 H

Pl <Nchg>=2.6

0 5 1 5 20 25 30 35
Number of Charged Particl

1.0E+00
CDF Run 2 Preliminary
1.0E-01 % "=,
=,
e, (= CDF Run 2 <Nchg>=4.5|
1.0E-02 ey
‘.
8"1
> LOEO3 o ----omoooooooo R
3 ey,
S 1.0E-04 s,
o L}
O 10E-05+---\@EW¥Ewy LY B
1)
1.0E-0B o -~~~ ===~ === = mmmm e E—I —————————
Min-Bias 1.96 TeV i [
1.0E-07
Normalized to 1 Charged Particles (|n|<1.0, PT>0.4 GeV/c) I
1.0E-08 -+ f f f f f f f { f f
0 5 10 15 20 25 30 40 45 50 55
Numbe rged Particles
7 decades! “Minumum Bias” Collisions

Proton é é é AntiProton

No MPI!

=» Data at 1.96 TeV on thecharged particle multiplicity (pr > 0.4 GeV/c, fj| < 1) for “min-bias”

collisions at CDF Run 2.

=®» The data are compared withPYTHIA Tune A and Tune A without multiple parton

interactions (pyAnoMPI).

Chris Quigg Symposiun Fermilab
December 14, 2009
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The ™ Undenying Event

Select inelastic non-diffractive events
that contain a hard scattering

Proton )UL/;”'}:."— T Proton

————

———‘4-—~— — = =
—T e

Hard parton-parton
collisions is hard “Semi-hard” parton-

(P >=2 GeVlc) The “underlying-event” (UE)! parton collision
(pr <=2 GeV/c)

Proton Proton Proton e Proton
Proton "'—,,,;,,f;"—f T Proton
TN} ’V‘—__‘_J—/ —— +
e\ LI I

Given that you have one hard
scattering it is more probable to
have MPI! Hence, the UE has
more activity than “min-bias”.

Multiple-parton

interactions (MPI)!
Chris Quigg Symposiun Fermilab Rick Field — Florida/CDF/CMS (MP1) Page 20
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The Inelastic NorDiiractive

- . : '

Occasionally one of C r OSS:oelC [J on
the parton-parton
collisions is hard

(pr >=2 GeVl/c)

Proton Proton

Majority of “min-

¢ “Semi-hard” parton-
bias” events!

parton collision
(pr <=2 GeV/c)

Proton I Proton N i Proton

= Multiple-parton

interactions (MPI)!
Chris Quigg Symposiun Fermilab Rick Field — Florida/CDF/CMS Page 21
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The ™ Undenying Event

Select inelastic non-diffractive events
that contain a hard scattering

Proton )UL/;”'}:."— T Proton

————

———‘4-—~— — = =
—T e

Hard parton-parton
collisions is hard “Semi-hard” parton-

(P >=2 GeVlc) The “underlying-event” (UE)! parton collision
(pr <=2 GeV/c)

Proton Proton Proton e Proton
Proton "'—,,,;,,f;"—f T Proton
TN} ’V‘—__‘_J—/ —— +
e\ LI I

Given that you have one hard
scattering it is more probable to
have MPI! Hence, the UE has
more activity than “min-bias”.

Multiple-parton

interactions (MPI)!
Chris Quigg Symposiun Fermilab Rick Field — Florida/CDF/CMS (MP1) Page 22
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Average PT versus Nchg

o
=~
>
1.4 — ) 13
1 CDF Run 2 Preliminary . 9.
data corrected Min-Bias
generator level theory 1.96 TeV A
Ol2 - T N\ —1.2
3 o
e \Y N
)
© r—l]
>
o
[}
I
1
1 Charged Particles (Jn|<1.0, PT>0.4 GeV/c)
0.6 f f f f

0 10 20 30 40 50 09

Number of Charged Particles

Inl< 1 and p;> 0.4 GeV

0.8 = Data Runll MB+HM

—— Pythia TuneA, hadron level

0.7

0O 5 10 15 20 25 30 35 40 45 50
multiplicity

= Data at 1.96 TeV on theaverage g of charged particles versus the number of charged
particles (pr > 0.4 GeV/c, | < 1) for “min-bias” collisions at CDF Run 2. Thedata are

corrected to the particle level and are compared v PYTHIA Tune A at the particle
level (.e. generator level).

Chris Quigg Symposiun Fermilab Rick Field — Florida/CDF/CMS Page 23
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D1 : E’"!‘
. Average Bl versusNeng g =

~H
Average PT versus Nchg =®» Beam-beam remnantsi(e. soft hard core) produces
14 low multiplicity and small <p > with <p_ >
1 CDF Run 2 Preliminary , ¢ o . p ty ) .p.T Pr
tata sorrected X Min-Bias independent of the multiplicity.
generator level theory 1.96 TeV
S 1.2+ ¢ . .
s L’ q ‘ ® Hard scattering (with no MPI) produces large
0] L e SRTPR
G R T = TTLLL multiplicity and large <p >.
(] 7 L4
g ] ‘ ~J_® Hard scattering (with MPI) produces large
<08 2 { ultiplicity and medium <p,>.
] E Charged Particles (|n|<1.0, PT>84 GeVic)
0.6 f f f f f f
0 5 10 20 25 30 35 40
Number of Cegd Particles This observable is sensitive
to the MPI tuning!
“Hard” Hard Core (hard scatt ﬂ&)ng parton
“Soft” Hard Core (no hard scatgring)
DF “Min-Bias”
— Proton /‘ tiProton Proton AntiProton
— ———————— + Underlying Eyent Al e Underlying Event
§ s
Multiple-Parton Interactions /ougoing parton Outgoing Partonf ¥
Proton ------- S AntiProton
The CDF “min-bias” trigger + T —— -
picks up most of the “hard
core” component! % fina-stte
Outgoing Parton, :;Rad\auon
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Charged Multiplicity Distribution Charged Multiplicity Distribution
1.0E+00 — 1.0E+00 —
10E-01 2 ®ee ot CDF Run 2 Preliminary 10E-01 P ap CDF Run 2 Preliminary
- = CDF Run 2 <Nchg>=4.5 = CDF Run 2 <Nchg>=4.5
1.0E-02 £------ ~ ; ””””””” py Tune A <Nchg>=43 | LOE-02 - - T Qe ——py Tune A <Nchg>=4.3 |
2 1.0E-03 +-- R e S = = pYAnoMPI<Nchg>=26 |- |2 LOE-03 £~~~ N\ ™ww_ - ——DpyA 900 GeV <Nchg>=3.3| - -
£ 10E-04 ®I0E04L SN e
S AN S
£ 1.0E-05 . & LOE-05 £------—mmo N gy o
1.0E-06 MRS LOE06 £~~~/ o N T A
5 1.96 S PR I N S Ming” /7 s
1.0E-07 , 1.0E-07
Charged Particles (jn|<1.0XT>0.4 GeV/c) } Norm 01l Charged Particles (Jn|<1.0, PT>0.4 GeV/ic) I
1.0E-08 - f f f f f f f 1.0E-08 f | | |
0/ Z 15 20 25 30 35 40\ \45 50 55 / / 5. 20 25 30 35 40 45 50 55
| Number of Charged Particles Tune A prediction at | Number of Charged Particles
| No MPI! 900 GeV!
“Minumum Bias” Collisions \ “Minumum Bias” Collisions
Tune Al
Proton AntiProto Proton Proton
=» Data at 1.96 TeV on thecharged particle multiplicity (pr > 0.4 GeV/c, fj| < 1) for “min-bias”
collisions at CDF Run 2.
=®» The data are compared withPYTHIA Tune A and Tune A without multiple parton
interactions (pyAnoMPI).
=» Prediction from PYTHIA Tune A for proton-proton collisions at 900 GeV.
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Peters Pytnia Tune:

Parmmeter  Type | S0A-Pro | P-0 P-HARD PSOFT  P-3 P-NOCR  PX -6 JOct 2008]
Peter's PytH . | | 2 . :
MSTF (51] PDF 7 7 7 T 7 T 20650 10042 poos)
February 2009 @ P METP [5Z] PDF ] 1 1 I I I b 2 framework made with
METE (64 ISR 2 3 3 2 3 3 3 3
Mavigate these pages by using the menu to the lef] TARP (84 ISR 1.0 1.0 025 2.0 (K13 1.0 2.0 1.0
become available, and as the available data increas{ werp (7] ISR 3 5 5 2 7 2 4 . pT-ordered models
rktieslbidloiiseniieheleolt tusshnd I 10 (T a0 | 10 40 05 L0 10 10 1.0 |owers par2007]
MSTF(70] ISR 2 2 0 1 L 2 2 2 bt 2008]
Apr 2002; Full descriptions and paramaters of the " DARE (2] ISR z g |35 2 125 3 E '
MPI workshop proceedings) . ¥ . - il
Dec 2007; Some interesting min-bias distributions fg BARP {81] ISR = = = L5 b = = L
Houches workshop proceedings) METF{72] ISK il 1 I ¥ 2 | i | FTEQSL1 PDFs, [Feb 2009
The tunes currently available on the plots are (nu PARP(T71] FSR 4.0 20 4.0 1.0 2.4} 2.0 2.0 20
: PARJ (81] F5R 0257 | 0.257 0.3 02 0257 0257 0257 0257
a 4 ithy
Tun Ing Q2-or o PART(82] FSR 08| o8 0.8 08 08 08 TOE e e
B3 xg‘aﬁ:'&;‘bﬁgﬁﬁ;ﬁ:ﬂ MSTP(81] UE 71 2 21 LT 21 21 2} [ than that of Tune A. [Apr
naar-maximal color correlations. [Oct 2002] PARFP (82) UE I.85 2.0 .3 1.9 5 1.9% 2.2 1.95
i fetron, but which uses the Tune
o 103: DW: Rick Field's Tune DW to Tevatron — '."'.: e R S ._m.x." S L0 L L
to Tune 4, but has 2 GeV of primordial kT and|| PARELS01 (LIE 025 | 02 1 3 o4 003 024! pIF 02 .
initial-state radigtion (i.e., more ISR radigtion). | MSTFP |82] UE 5 5 5 5 g 5 5 % [nections, Gives less good
5= IS S 53 pAaRp{83] UE 1.6 1.7 1.7 15 17 15 1.7 1.7
« 104: DWT; Variant of DW using the Pythia 6.2 ers and new UE framework.
agreement with Tevatron energy scaling quan{ 151 F | Bf ! BR o o 0 0 o o o 0 fquantities.
J o FARF(739] BR 20| 20 20 20 2z 2020 w0l i
- 108 Amismz ;u?;\;m c:; L:;;:;: PARP (ED] BR 00l [ 005 001 005 003 001 005 D05 feol, hence the name). [Oct
_ o . | MsTR(%1] BR | I 1 1 1 I | |
T TR oxavib) cHE 20| 20 10 20 15 200 20 20 fong
» 108: D6: Rick Field's Tune D6 to Tevatron datd MSTF |95 CR 6 L] 3] & 6 ] ¥ [} }ia 0. [Feb 2008]
DARE(TH] CR 0.2 033 0.4a7 15 035 HN ] 033 033
. . FARF(77] CR 0,0 0.9 4 0.3 0.6 0.0 0.0 0.9 [ O- [Feb 2008]
+ 113 DW-Fro: Tune DWW with LEF tune frorm - balance and different collider
= 114 DWT-Pro: Tune DWT with LEP tune fron] 10 | 111 HAD 5 : = s 2 ¥ 3 g
BART [21] HAD 0313 | 0313 034 028 0313 0,313 0313 0313 o
= VB ATLASDCZ P ATLASTCZMINLEPY Bhfi(41] HAD 049 | 049 0 49 040 040 049 D40 D49
BART (4 5, Proceadings of the Perugia MP1 Waorkshop 2008 1.2 1,2 |s-[Feb 2008]
PART [46] ¥ i ; i i 1.0 i 1.0 |00} [Feb 2009]
PART (47] HAD 1.0 1.0 1.0 I.0r 10 1.0 1.0 1.0 P —
| §
K
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"Transverse" Charged Particle Densit

0.3

@ JJ

r|r(|er| PArtIc

35% more at RHIC means
26% less at the LHC!

7 RDF Preliminary
) generator level

o
[N

"Transverse" Charged Density
o
=

o) e

J J—:):)

oclat
€ DensIity.

nsverse" Charged Particle Density: dN/dnd(pl

"Transverse" ChargediDensi

T
! PY Tune DWT |

Min-Bias Min-Bias )
0.2 TeV Charged Particles (Jn|<1.0, PT>0.5 GeV/c) 14 TeV Charged Particles (n|<1.0, PT>0.5 GeV/c)
0.0 } } } T T T T T T 0.0 ] } } } T T T T T T
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
PTmax (GeV/c) PTmax (GeV/c)
PTmax Direction PTmax Direction
0.2 TeV— 14 TeV
RHIC (~factor of 70 increase

“Transverse” I “Transverse”

=» Shows the “associated” charged particle density irhie “transverse” regions as a function of
PTmax for charged particles (3 > 0.5 GeV/c, )| < 1,not including PTmax) for “min-bias” events
at 0.2 TeV and 14 TeV from PYTHIA Tune DW and Tune DWT at the particle level {.e. generator
level). The STAR data from RHIC favors Tune DW!

Chris Quigg Symposiun Fermilab
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o

Charged Particle Der

"Transverse" Charged Particle Density: dN/dnd@

=
N

RDF Preliminary  mMin-Bias 14 TeV
7 py Tune DW generator level

o
©

°
~

"Transverse" Charged Density

Charged Particles (|n|<1.0, PT>0.5 GeV/c)

0.0 f f
0 5 10 15 20 25
PTmax (GeV/c)
PTmax Direction PTmax Direction PTmax Direction

0.2 TeV— 1.96 TeV
(UE increase ~2.7 times

1.96 TeV— 14 TeV
(UE increase ~1.9 time

— | HC

=» Shows the “associated” charged particle density ime “transverse” region as a function of PTmax
for charged patrticles (p; > 0.5 GeV/c, 1| < 1,not including PTmax) for “min-bias” events at 0.2
TeV, 1.96 TeV and 14 TeV predicted by PYTHIATune DW at the particle level {.e. generator
level).
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‘s \fi = How can we measure the UE?
RHIC’s View of Hadron Collisions Lets do what RICK did!
1st look at Back-to-Back Di-Jet Events in which the jet energies are
relatively close so as to minimize radiation in transverse region.
P-P Collisions at RHIC
STAR Detector and Triggers e ?warcé:egion; ”
< : 5 Away Region
Hard Scattering at RHIC kinematics A L,ﬂmd higlﬂLst pT jet —
The STAR Jet-Finders Region
| Underlying Event at STAR 3 Away Region:
. s e |A[P| >120 1 |r]|s 1 [ Leading
- o From leading jet Jet
Renee Fatemi Toward Region|
For the STAR Collaboration ~ ...~ Transverse Region:
3 120< |A@| < 60, |n|<1
1]
UK 1st Joint Workshop on Eﬂe_rgy Scaling of Hadron Collisions *R - , : : -1
: Apvi 27, 2009 Access Underlying Event Distributions HERE!

®» At STAR they have measured the “underlying event at W = 20GeV (|| < 1, p- > 0.2 GeV)
and compared their uncorrected data with PYTHIA Tune A + STAR-SIM.
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Conclusions |

rgies are
Egion.
I Hadron Collisions at RHIC take place at an order of magnitude smaller ¥ s than
the Tevatron. Nevertheless, jets are observed and reconstructed down to pT=5 | EN_—
GeV and are well described by pQCD -
1. Comparisons between several jeffinders reveal consistent results o
HI. Interest in the Underlying Event at RHIC Kinematics is driven by the need for jet | ESiE

energy scale corrections as well as pure physics interests (see talks by M. Lisa -
and H. Caines) =

IV.  UE at RHIC appears to be independent of jet pT and decoupled from hard

UK » in teractiﬂ n —
]

. CDF Tune A provides an excellent description of the UE at ¥ s =200 GeV
hanks Rick!)

VI.  Underlying Event distributions in general smaller than those at CDF. Tower &
Track Multiplicities are the exception, but this may be due to the 0.2 (STAR) 2 GeV)
versus 0.5 GeV (CDF) pT/Et cut-off.

VIl. For a cone jet with R=0.7 UE contributes 0.5-0.9 GeV.

VIll. Comparison of Leading Jet and Back-to-Back distributions indicate that large
angle radiation contributions are small at RHIC energies.

» At STAR
and com|
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Charged Particle Density: dN/dn

5
RDF Preliminary
2,0
g A aa % ﬁ A aa
o) A A a¥a i AZA A i
R e UL R
°
- ]
3 B ALICE INEL
5 INEL = HC+DD+SD A UASINEL
6 1+------ 900Gey N~ T ——pyDW INEL (2.67) -
Charged Partlcles ( PyS320 INEL (2.70)
0 :
-3.0 25

Charged Particle Density

Charged Particle Density: dN/dn

5
RDF Preliminary
4t -mm D § —————————————————————
XX x4 iTa Agi X x11
/Y i ‘? &‘ x §

3,

T A UAS o

B ALICE
17777'5155682%59'3 fffffffffffffffffffff ——pyDW_10mm (3.04) -
\ —— pyS320_10mm (3.09)

0 1 1 1 1 1 1 1 1 1 1 1
-30 -25 -20 -15 -05 00 05 10 15 20 25
eudoRapidity n

3.0

-0.5 0.5 1.5 20
udoRapidity n
mu%

CoII|S|ons
—
Proton ’T (SD + DD)/INEL = 28+8%
—

Proton

“ A'n;;ﬁ \Q" Collisions

DD/NSD = 12+4%

®» Compares the 900 GeV data with my favorite PYTHIA Twnes (Tune DW and
Tune S320 Perugia ) Tune DW uses the old @ordered parton shower and the
old MPI model. Tune S320 uses the newrdered parton shower and the new
MPI model. The numbers in parentheses are the avage value of dN/d for the
region |n| < 0.6.
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5| Off by 11%!

Charged Particle Density: dN/dn

5 4
RDF Preliminary
241 = 900 GeV
z 234
@ [ pyDW HC (3.30)
% 3] a pyS320 HC (3.36)
o . ) pyDW SD (0.61)
g S27 S S LI PyS320SD (053) [~~~
a5 1 % r Only DD | = = yDW DD (0.59)
B S |\ s A = = [yS320DD (0.53)
o B ALICE INEL o 7
& INEL = HC+DD+SD & UAS INEL 1L s N A
S 1l+------ gooGey N - < R - = = TNE L=
o € ——pyDW times 1.11 (2.97) O
Charged Particles ( a 0 —pyS320 times 1.11 (3.00) Charged Particles (all py)

0 1 1 1 0 : : : : : : 1 1 1 1 1
-3.0 1.0 15 20 25 30 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6
udoRapidity n PseudoRapidity n
Mmu?% CoII|S|ons “Minumum Bias” Collisions
V\

Poen 51 (SD + DD)/INEL = 28+8% — Broon
/\“>

=» Shows the individual HC, DD, and SD predictions oPYTHIA Tune DW and Tune
S320 Perugia 0. The numbers in parentheses are theerage value of dN/q for the
region |n| < 0.6. | do not trust PYTHIA to model correctly the DD and SD
contributions! | would like to know how well these tunes model thelC component.
We need to look at observables where only HC conbutes!
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a)

-

Y/

:nsity: dN/dn

ctions: 900G

A Aaa xEx Aaaa — pyDW HC (3.30)

e = £ - = aa |Twsswrces

e S TEETITL L3 L= o DW SD (0.60)
L == == i —pyS320SD (0.53) [ ~ "~~~ "

ALICE INEL = pyDW DD (0.59)

UAS5 INEL 1 = pyS320 DD (0.53)

pyDW INEL NPT1>0 (4.24) || | - ____N-____ -
- -

pyS320 INEL NPT1>0 (4.48) |1 M

pyDW INEL (2.67)
pyS320 INEL (2.70)
0.5

-0. ! 15 20 25 30 1 2 3 4 5 6
PseudoRapi pidity n

900 GeV
Charged Particles (all py)

25 -20 -

-20 -15 -1.0

Require at least one charged g
oon ¥ _ particle to have p. >1 GeV/c. —— _ .
Prot > (SD + DD)/INEL = 28+8% This is > 99% HC only! 1—
‘/\“> —

=» Shows the individual HC, DD, and SD predictions oPYTHIA Tune DW and Tune
S320 Perugia 0. The numbers in parentheses are theerage value of dN/q for the
region |n| < 0.6. | do not trust PYTHIA to model correctly the DD and SD
contributions! | would like to know how well these tunes model thelC component.
We need to look at observables where only HC conbutes!
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Min-Bi
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"Transverse" Charged Particle Density: dN/dnd g "Transverse" Charged Particle Density: dN/dndq)l

1.2
> RDF Preliminary  win-Bias 14 TeV 1 RDF Preliminary LHC14
‘D 1 py Tune DW gen or level ! B .
= b - m m U mC Ve I ,W m = _r - M
8 i - e e - - — - "
3 08 —— S 3T LHC10
g’ 08 | (‘é)’ U.O - LHC7
8 1 1.96 TeVv g PR
O |
R oY o »* Tevatron
= 0.4 + e a ;|
g =] — e=dde—b2 900 GeV
2 A 2 PTmax = 5.25 GeV/c
s |/ .. -@———e—a—c—cc == E ; RHIC |
& , Charged Particles (Jn|<1.0, PT>0.5 GeVi/c) : — Charged Particles (|n|<1.0, PT>0.5 GeVic)

0.0 | ; ; | 0.0 ‘ ‘ 1 1 1 1

0 5 10 15 20 25 0 2 4 6 8 10 12 14
PTmax (GeV/c) Centel\\of-Mass Energy (TeV)
PTmax Direction PTmax Direction PTmax Direction

0.2 TeV— 1.96 TeV
(UE increase ~2.7 times

——) | eVvatron e

1.96 TeV4y 14 TeV
(UE increasd \~1.9 time

LHC

function of PTmax
"events at 0.2

=®» Shows the “associated” charged particle density i “transverse” region
for charged patrticles (p; > 0.5 GeV/c, | < 1,not including PTmax) for “min-

TeV,0.9TeV, 1.96 TeV, 7 TeV, 10 TeV, 14 TeV predaed by PYTHIA Tu y o article
level (.e. generator level). near scale:
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Chargec
"Transverse" Charged Particle Density: dN/dnd g "Transverse" Charged Particle Density: dN/dnd@

1.2 — 1.2
> _Ir?DFDF\;vrellmlnarly | Min-Bias 14 TeV > RDF Preliminary
i 1 py Tune gen or level i ,
§ T T L e mm om om om o m = = 0JeVe m o m om o= § | py Tune DW generator level LHC14
T 0.8 7TeV B 08 L ~_LHC10. |
S o
o 1 1.96 TeV g |
O | O |
W 0.9 Tev W evatron
5 044 204t g

i > B - "

Z 0.2 TeV @ .- 900 GeV PTmax = 5.25 GeV/c
S 1 F g e mmmmmommem= = < .
£ il Charged Particles (In|<1.0, PT>0.5 GeVic) £ RHIC Charged Particles (|n|<1.0, PT>0.5 GeVic)

0.0 \ \ 1 | 0.0 A 1 -+ 1 I B R B A

0 5 10 15 20 25 0.1 1.0 10.0 100.0
PTmax (GeV/c) Center\ef-Mass Energy (TeV)

PTmax Direction

PTmax Direction

7 TeV — 14 TeV
(UE increase ~20%)

Linear on a log plot!

function of PTmax
"events at 0.2

=®» Shows the “associated” charged particle density i “transverse” region
for charged patrticles (p; > 0.5 GeV/c, | < 1,not including PTmax) for “min-

TeV,0.9TeV, 1.96 TeV, 7 TeV, 10 TeV, 14 TeV predaed by PYTHIA Tu L o article
level (.e. generator level). 0g scale:
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“ | ransver:

"Transverse" Charged Particle Density: dN/dnd(pl "Transverse" Charged Particle Density: dN/dnd¢|

0.6 1.2
7 RDF Preliminary

generator level

RDF Preliminary

: py Tune DW generator level

Ifactor of 2!
900 GeV

"Transverse" Charged Density

Charged Particles (|n|<2.0, PT>0.5 GeV/c) Charged Particles (|n|<2.0, PT>0.5 GeV/c)

"Transverse" Charged Density

OO T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

PTmax (GeV/c) PTmax (GeV/c)

PTmax Direction PTmax Direction

900 GeV— 7 TeV
(UE increase ~ factor of 2.1)

=» Shows the charged particle density in thétransverse” region for charged particles (g > 0.5
GeVi/c, | < 2) at 900 GeV as defined by PTmax from PYTHIAlune DW and Tune S320at the
particle level (.e. generator level).
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“Minumum Bias” Collisions

Proton ; § | Proton

®» The amount of activity in “min-bias” collisions (multiplicity distribution,

p; distribution, PTsum distribution, dNchg/dn).

PTmax Direction

“Transverse” I “Transverse”

®» The amount of activity in the “underlying event” in hard scattering
events (“transverse” Nchg distribution, “transverse” p; distribution,
“transverse” PTsum distribution for events with PTmax > 5 GeV/c).

PTmax Direction

Underlying Event

® We should map out the energy dependence of the “uadying
event” in a hard scattering process from 900 GeV to4.TeV!
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Number of Charged Particles
"Transverse" Charged Particle Density: dN/dndq*
1.2

"Transverse" Charged Density

0.0
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0.4 +

py Tune DW generator level

RDF Preliminary

Charged Particles (Jn|<1.0, PT>0.5 GeV/c)
\

PTmax = 5.25 GeV/c
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Center-of-Mass Energy (TeV)

100.0

Page 37



‘Charged Multiplicity Distributionl

RDF Preliminary

f = pyS320 900

= pyP329 900

pyA <Nchg> = 5.0 STdev = 4.5
™ pyDW 900 GeV <Nchg>=5.3
GeV <Nchg>=52 |

GeV <Nchg>=5.3

®» The amount of ab
p; distribution, PTs

/
It is very important to measure |
BOTH “min-bias” and the and the

For every 1,000
events here

“underlying event” at 900 GeV!
To do this we need to collect
about 5,000,000 CMS

®» The amount of actj
events (“transy”
“transverse

\ 5 6 7 8 9 10
umber of Charged Particles

11 12 13 14

min-bias triggers!

I
IN)
)

sverse" Charged Density
=} =}
= )
+

"Tran
o
o

PTmax = 5.25 GeV/c

®» We should map out the energy dependg )t the “uadying = Charged Partces (nI<L.0, PT>05 Gevio

i t -+
1.0 10.0

event” in a hard scattering process from GeV todTeV!

o
-

Center-of-Mass Energy (TeV)

100.0
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TThe = Underlying Event™ at 900GeV

"'Transverse“ Charged Particle Density: dN/dnqul ‘“Transverse" Charged Particle Density: dN/dndq)l

0.6 0.6
| RDF Preliminary | RDF Preliminary
| pyDW generator level +
0.4+ %

| pyDW generator level
02+ -—-f- -
] 900,5€

1 Million MB Collisions 1
Charged Particles (|n|<2.0, PT>0.5 GeV/c)

0.4 +

R ——_————,—,————- .
] 900 GeV

Charged Particles (|n|<2.0, PT>0.5 GeV/c)

10 Million MB Collisions

"Transverse" Charged Density
"Transverse" Charged Density

0.0 0.0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
PTmax (GeV/c) PTmax (GeV/c)
» ShOW hOW We” we Could measure the "Transverse" Charged Particle Density: dN/dndq)l
0.6 :

“transverse” charged particle density versus
PTmax with 10 M, 1 M, and 0.5 M “min-
bias” (MB) events collected by CMS.
Assumes that for all the events that the
tracker is working well! The goal is to see
how well the data (red squares) agree with

the QCD MC prediction (black curve). /1 s 5 4 5 6 o 8 9 1014 1 15 14 18

| RDF Preliminary
| pyDW generator level

02+-—-——f--"""""""""" e
1 900 GeV -
: 0.5 Million MB Collisions

Charged Particles (|n|<2. T>0.5(GeV/c)
| | | |

"Transverse" Charged Density

PTmax (GeV/c)

Unfortunately, looks like
this is all we will get!
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